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Abstract 
The experiment of laser cladding on the surface of H13 steel was made. Vanadium carbide (VC) powder and Fe-base 
alloy powder were used as cladding material. The microstructure and property of laser cladding layer were studied. 
The research showed that laser cladding layer had better properties such as minute crystals, deeper layer, higher 
hardness and good metallurgical bonding with base metal. The average hardness of cladding zone was 900HV0.2. 
The average hardness of cladding layer increased five times than that of base material. H13 steel was widely used in 
the field of hot dies. Using laser cladding, the good wear layer would greatly increase the mold useful life. 
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1. Introduction 
H13 steel (4Cr5MoSiV1) was one kind of hot die steel. It had been widely used in the manufacturing 
of hot-working die and pressure-casting die [1-2]. Because of bad running conditions, these parts would 
easily wear. The hardness of quenched and tempered H13 steel was not hard enough to resist washing and 
abrading. To precise hot die, the lower hardness would greatly decrease the life length and part precision. 
So, precise hot die should be strengthened. The traditional mould strengthening methods were not suitable 
because of some defect [3]. For example, carburizing and nitriding were sensitive with the type of steel. 
Besides, depth of carburizing layer and nitriding layer were very thin. Thermal spraying and build-up 
welding were bad bonding with base material. The structure of hot die was very complex. The traditional 
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heat treatment, such as quenching, normalizing would easily lead to cracking and deforming. Laser 
cladding was a new method of surface modification. Because of the characteristic of high controllability, 
high precision, low deformation and metallurgical bonding between cladding layer and substrate, laser 
cladding has greatly application value in the field of mould strengthening [4-5]. 
2. Material and methods 
The primary experimental equipment included 10kW CO2 laser process system, numerical control 
machine, HXS-1000AY sclerometer, Nikon metallographic microscope. Argon was used as shielding gas. 
The experiments were done with laser scanning speed of 500mm/min, laser power of 6kW, laser beam 
diameter of 5mm. VC powder and Fe-base alloy powder were used as cladding material. The substrate 
was H13 steel which was annealed. The chemical composition of H13 steel was shown by Table 1. The 
chemical composition of Fe-base alloy powder was shown by Table 2.  
Table 1. Chemical composition of H13 steel (wt%) 
Element C Si Cr Mn Mo V Fe 
Wt% 0.30 0.80 4.70 0.20 1.10 0.80 Bal. 
Table 2. Chemical composition of Fe-base alloy powder (wt%) 
Element C Cr Si Mn Mo Fe 
Wt% 0.40 5.60 2.50 1.30 2.86 Bal. 
3. Microstructure 
Fig.1 was the microstructure of cross-section of laser cladding specimen. Base on the difference of 
structure style and position, the cross-section could be divided into five zone, upper cladding layer, 
middle cladding layer, bonding zone, hardening (heat-affected) zone and matrix.  
Fig.1a was the high magnified microstructure of upper cladding layer. Fig.1b was the microscopic 
image of middle cladding layer. The spectral energy distribution of cladding layer was shown in Fig.2. 
The chemical composition of basal phase was shown in Table 3. From Fig.2 and Table 3, we could find 
that the structure of cladding layer was Fe-base over-saturation solid solution with the solute elements of 
V, Cr, Mo, et al. Besides, there were some network carbide (Fe3c) and superfine carbide particles (VC).      
The number of superfine carbide particles on the top of cladding layer was more than that of middle 
cladding layer. This was because the cooling velocity of upper cladding was much lower than that of 
middle cladding layer. The bonding zone and hardening zone were shown in Fig.1c. There was good 
metallurgical bonding between cladding layer with base metal.  
There were no cracking and blow hole. Fig.1d was high magnified image of matrix, which was 
hypoeutectoid structure (ferrite + perlite).  
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Fig.1. Microstructure of cross-section of laser cladding specimen (a) upper cladding layer; (b) middle cladding layer; (c) bonding
pad and heat-affected zone; (d) matrix 
Fig.2. Spectral energy distribution of base-phase 
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Table 3. Chemical composition of grain (wt%) 
Element Atom % Element Wt % 
C 21.88 6.07 
O 5.32 1.97 
Al 0.42 0.26 
Si 1.27 0.82 
V 9.09 10.70 
Cr 4.39 5.28 
Mn 0.47 0.60 
Fe 56.56 72.98 
Mo 0.60 1.32 
Total 100.00 100.00 
4. Microhardness 
The hardness distribution curve of cladding specimen was shown in Fig.3. The average hardness of 
cladding layer (0-1.2mm) was about 900HV0.2. The average hardness of cladding increased 3.5 times 
than that of base metal. The hardness of hardening zone (1.2-2.5mm) was gradient descent from 
852HV0.2 to 208HV0.2.  The hardness distribution was consistent with metallurgical structure.  
Fig.3. Microhardness distribution curves of laser cladding specimen  
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5. Conclusions 
The experiment of laser cladding Fe-VC composite powder on the surface of H13 steel was made. 
Research results showed that the laser cladding layer was compact and had no cracks. The cladding layer 
exhibited the structure of Fe-base over-saturation solid solution with network carbide and dispersing 
superfine carbide particles. The average hardness of cladding layer was 900HV0.2. The property of laser 
cladding was more controllable and would generate great economy efficiency in the field of hot dies 
strengthening. 
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